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•■ Summary 

The mean value of the field for cyllndrically spreading 
3 waves in a random medium is obtained when forward scattering 

Is dominant.   In addition, the region of validity of the solution 
is obtained. 

These results are Identical to the corresponding results 
for plane waves, except for cylindrical spreading loss. i 

■ o 

M 

*> a 
£ «, . 

♦» a a o 
a £ v. 

GE 
Class    i 

cLss    Unclassified 

No. of 
Pages 

16 

if •   \.: 

D D C 
fiuasgnnfirg 
w    FEB 18 19(75 

ILTSEUITCSl 
D 

This document contains proprietary inlormction ol the Generol Electric Company ond is restricted to 

distribution and use within the General Electric Company unless designated above as GE Class ) or 
unless otherwise expressly authorized in writing. 

'.  - 

-     ■   -., 

■ 

f 

/ 
■   ,   '    ■ ,i 

■     '     ' 

-;    \ 

■■" 

■ 

.     ■■■.!      • Send toi_ 



. ,...^,,*--;v,--:";   - '--'-^ 

I 

\ 

I 

*,    <»»^ 

GENERAL ELECTRIC COMPANY TECHNICAL INFORMATION 

Within the limitations imposed by Government data export regulations and security 
classifications, the availability of General Electric Company technical information 
is regulated by the following classifications in order to safeguard proprietary infor- 
mation: 

\ 
CLASS 1:   GENERAL INFORMATION 

Available to anyone on request • 
Patent, legal and commercial review 
required before issue. 

CLASS 2:   GENERAL COMPANY INFORMATION 

Available to any General Electric Company 
employee on request. 
Available to any General Electric Subsidiary 
or Licensee subject to existing agreements. 
Disclosure outside General Electric Company 
requires approval of originating component. 

CLASS 3:   LIMITED AVAILABILITY INFORMATION ——^—————————^———————— 
Original Distribution to those individuals with 
specific need for information. 
Subsequent Company availability requires 
originating component approval. 
Disclosure outside General Electric Company 
requires approval of originating component. 

CLASS 4:   HIGHLY RESTRICTED DISTRIBUTION 

Original distribution to those individuals person- 
ally responsible for the Company's interests in 
the subject. 
Copies serially numbered, assigned and recorded 
by name. 
Material content, and knowledge of existence, 
restricted to copy holder. 

GOVERNMENT SECURITY CLASSIFICATIONS, when required, take precedence 
in the handling of the material.   Wherever not specifically disallowed, the General 
Electric classifications should also be included in order to obtain proper handling 
routines.   -. 

■ -- 

,■ •;:   ■ 

- 

■ 

■ 

i 



IHIIIIIIIIMIIIIIIMHUIIIWIH 

GENEMAL   ELECTRIC  COMPANV 

HEAVY MILITARY   ELECTRONIC  SVbTEMi 

TECHNICAL   INFORMATION  SERIES 

SECT  ON 
Advance Development Engineering 

UNIT Advance Sonar Development 

HMES   ACCOUNTING REFERENCE 

COLLABORATORS  

572 

r 
APPROVED 5b »A< -t 

-t-L*. CLC dkZsi TITLE 
Mgr., ASD LOCATION CSP 4-39A. Syracuse,  N. Y. 

S. Garber 

TIS R74EMH12 
MINIMUM DISTRIBUTION • Gov«rnm»nt UnclotiHied Moterlol (ond Title Poj««) in G.E. Clotsas 1,  2, or 3 will be the 

following. 

Copies 
~Ö 

0 
3 

Title Page Only 
 1  

1 
6 

Legal Section,  HMES (Syrocuse) 

Manager,   Technological Planning, HMES (Syracuse) 

G- E Technical Data Center (Schenectady) 

MINIMUM DISTRIBUTION - Government Clastided Material,  Secret or Confidential .n G.E. Clo»«e» I,  2, or 3 will be 
the following. 

1 1 Classified Section, Electronics Park Library 

1 0 Manager,  Technological Planning, HMES (Syracuse) 

ADDITIONAL DISTRIBUTION (Keep at minimum within intent of assigned G.E. Class.) 

5 (Class 1 Only) Defense Documentation Center, Cameron Station, 
Alexandria, Va.    22314 

■ 

D D C 
CDOJE 

FEB is rare 

D 



r-     ■ ■  

§0&00mmmm!.*9yttT*--r ^ 

■ 

„^«..kWnUMH 
.      : ^,:,;.-.;:. ■ 

TABLE OF CONTENTS 

Section 

I 

n 

m 

IV 

Title 

INTRODUCTION 

THE MEAN OF THE FIELD 

THE REGION OF VALIDITY OF THE FORWARD 
SCATTERING EQUATION 

REFERENCES 

Page 

1-1 

2-1 

3-1 

4-1 

i/ii 



w-fl«s>»*rv ■    ■ 

vm 

SECTION I 

INTRODUCTION 

In a previous paper (Ref. 1) the author derived the coherence function for the 

circumstances of the title.   In this paper, the mean value of the field is obtained when 

forward scattering dominates.   The region of validity of the solution is obtained. 

It is shown that, except for cylindrical spreading loss, the mean value of the 

field is the same as that of the corresponding plane wave case treated by Tatarskii 

(Ref.  2).   The region of validity is shown to be the same as that of the plane wave case. 

As in Reference 1 long range propagation is assumed. 

1-1/1-2 
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SECTION n 

THE MEAN OF THE FIELD 

Following Reference 1, let the source be monochromatic and cylindrical 

with radius €  such that 

k€    >> 1 (2-1) 

Let the source radiate into a statistically Isotropie and homogeneous medium. 

The wave equation in cylindrical coordinates is given by 

Q2^ K s. t)   +  1  _8 j <pt  s, t) + A(p)g  (pt Sf t) 

dp2 p dp 

=    (1+^(P, s)) 9    »  ^, s, t)    .     p   >  e (2.2) 

c2 8t2 

where s represents the pair (0, z) and 

p^   80^ 8z^ 

Utilizing the fact that by hypothesis 

pk >>  1 (2-4) 

one has 

ikp 
Kp , B, t) =  h<p , s) -Z-r  e"lwt (2-5) 

{T 
Assuming that n {p , a) is small, so that 

(1+H)2 =   1 + 2M (2-6) 

2-1 
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and substituting Equation (2-5) into Equation (2-2) yields (Ref. 1) 

2ik dh jf ' S^ + A(p )h(p,8) + 2k2^(p . s) b^, . s)  =  -  9  b^'S>        (2-7) 
9p ap 

where b(p , s) satisfies the boundary condition 

b(€ , s)  =   1 (2-8) 

The term 9   o/B p    contributes backscattering to the solution of 

Equation (2-7).   It will be disregarded here, and its effect will be estimated in the 

next section. 

Following Reference 1, let the index of refraction covariance function be 

E(p (p , B) n (p\ s1))   = ß    exp G?   - P '  COS (0   - 0*)) 

exp 
2       2 

p *    sin   (0 - 0') 
2 a 

exp (z - zM 
(2-9) 

where a is correlation distance of the index of refraction. 

Making the long range propagation approximation (Ref. 1) one has 

E^ (p, s) n (p\ s') ~>JTn2aö(p -p« cos (0 -0')) 

exp p'2 sin2 (0 -0') 
2 a 

exp (2 - z')2 

2 
a 

(2-10) 

2 2 
Disregarding 9  b/9p    in Equation (2-7) the resulting equation may be 

written as 

2ik exp (ik *(p , s) ) •—     exp(-ik $(p , s)) b^j, s) 1 =  - A(p ) bfcj, s) 

(2-11) 

2-2 



■    ■ . 

■ 

where 

<ty7 ...  j' M <p\   S) V (2-12) 

Multiplying both sides of Equation (2-11) by exp (-ik*), integrating overp , and 

multiplying the resulting equation by exp (i$) yields 

2ik b(p , s) =  2ik exp 
I    rp 
ik    / IX <p\    8) dp' 

/; 

exp  ik A(p')b^', s) dp'     (2-13) 

where the boundary condition 

b(€, s)  =  1 

was used in obtaining Equation (2-13). 

-P 

c 

(2-14) 

fP 
Let it be assumed that J     n (p\ s) dp1 is Gaussian either because ^ ^J, s) satisfies 

€ 
and appropriate central limit theorem or because n (p , s) is a Gaussian field. 

In Reference 1 it is shown thatb(p , s) is a functional of fi (p\ s) with t --  p »  < p _ 

Then, due to the sharply peaked nature of the correlation function of ^i (p , s), 
rP 

J       fiiip "f s) dp " is statistically independent of b(p ', s).   Therefore, taking 
P* 

expectation value of both sides of Equation (2-13) yields 

2ik E(b <p , s) )  =   2ik E fexpj 

the 

ik   /        ß(p\ s)6pA 

A(p')E/b0', s)jdp' 

P^J", s)dp"J 

(2-15) 

2-3 
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Using the fact that n ip , s) is statistically homogeneous and Isotropie it can 

be shown (Ref. 1) that h(p , s) is statistically homogeneous and Isotropie in s. 

Therefore E(b (p , s) ) is a function of p only, so that 

A(p')E/b (p\ 3)j =  0 (2-16) 

and 

t\h<p, s)j = E   exp 

k2   ./.2 
-   exP 2" E   *   (P. s) (2-17) 

Using Equation (2-10) one obtains 

E(*
2
 ^ , s)) ~ NTF ^2 a   /      /      ö(p1-p2)dp1dp2 

= N/TT /n      ap p>>«,p>>a (2-18) 

Finally, one has 

E(b  «3 , s))  =   exp I- ~-  ß2 k2 ap j (2-19) 

This result is identical to the corresponding result for the plane wave case, 

obtained by Tatarskii (Ref. 2). 

In the next section the region of validity of the forward scattering equation 

is obtained. 

2-4 
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SECTION m 

THE REGION OF VALIDITY OF THE FORWARD SCATTERING EQUATION 

Let B(p , s) be the solution of Equation (2-7), so that 

21k8B fa, s)   + Aip)B (p t a) + 2k  ß (p , s)B<p , a) = 
dp 

.BlmiU*!    (3.!) 
dp 

Suppose Equation (3-1) were to be solved by successive approximation.   Then, 

B (p , s) is expanded in a perturbation series 

B <p, s)  =  h{p, s) +h1<p, s) + ... (3-2) 

where 

2ik 
8b(P. s)     +A(p)h(p, s) + 2k2n<p, s) b (p , s) =  0 

dp 
(3-3a) 

and 

8 b. 
2ik op i 1 gp 

:';:.:- 

Using the same type of manipulations which led to Equation (2-13), and the boundary 

condition 

bj (« , s)  =   0 C3"4) 

Equation (3-3b) becomes 

2ikb1(p, s)  =  -    / exp 

A(p')b1^. s)+ ^^y) dp* (3-5) 

3-1 
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From the properties of b^ , s) and ß(p , s) one finds that bj^j, s) is statistically 

isotropic and homogeneous in s, and that 

J  ,   |u ^", s) dp" is statistically independent of b. (p \ s).   Therefore taking 

the expectation value of both sides of Equation (3-5) yields 

2ikE(b1, (p, s))  =   -    / E|exp|ik    /        M0o"t S)^)"] 

•   J-g^MP'. *))   -dp' (3-6) 
8p2 

Equations (2-9) and (2-19) one has 

E exp fik    /        M ^". s)cfc"j 

exp|-^- • NHT /ii2a 2 
P'   ^P 
/        /     «Pi-P^!^ 

^P'   ^P' 

exp| -~-\i2 k2a(p  -p') 

and 

9p 

(3-7) 

82E(b (p». s))        / jT^    2.2) /    N/T "?, 2      ,   , 
 l—^V—'"^ = I   —5— M   k a] exp  --r- \i   k   ap1 (3-8) 

3-2 
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Substituting Equations (3-7) and (3-8) into Equation (3-6) yields 

3 2 

jfbj fc , s)) =  i I   U2 ka I  (kp ) exp f- -y-  ß   k2 ap 

=   i|   L(2kaj   kp E^b (p, s)j p>>   efp >>   a (3-9) 

Then 

Ä ^ ,  s) j 8      ^ ka    (kp) (3-10) 

Thus, if 

3 
2/ 

| '(p2ka)  (kp)   « 1 (3-11) 

the forward scattering equation is valid.   These results are identical to the 

corresponding results for the plane wave case obtained by Tatarskii (Ref. 2). 

3-3/3-4 
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